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RECOMBINAWT RETROVTRTI.cpc ^ith AMPHOTPon^o 
AND ECOTRO PIC HOST RAMrtPg 



PeBcriptian 



Backg round 

05 Since the late 1970s, there has been considerable 

TT Which DNA can be 

cellT"^ eukaryotic cells, especially „a«»alian 

cells. TWO approaches widely used today are transient 
gene expression assays and stable transformation of 

stabl" introduced 
stably into a host (eukaryotic) cell, generally by 

integrating the exogenous DNA into host cell chromosomal 
DNA. A particularly promising approach to stable 
transformation of cells makes use of recombinant 
retroviruses, which serve as vectors by which the DNA of 
interest is transferred into eukaryotic cells 

for ZT'^^^'^"^" ^° particularly well suited 

for DUA or gene transfer because of several important 

20 IT T ""''^ '''''' -^aPter 8 

in: Experimental Manipulation of Gene Expression 

Academic Press, pp. 155-173 (1983); Coffin, j. m! 
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Tumor VliitBec. weiss p =4- •, , 

Laboratory Vol 9 « ,1 ^ ^o^d Spring Harbor 

2, pp. 36-38 C1985) vr>r- 

alt..ou,h the retroviral ,e«o.e is ^ a L iT'' 

retrovirus i„.ectio. oTC lZ'TZ 
<li«erentiat.a is possible , /^^^otent and 

possiole, both in vltiv^ , , 

.-.ctio ho.:°e:i": oT::iir oi irrrr 
«co^t:n:':::;ov":.s"i"'' 

vector into fibrobXastio ceiis Let ptLor::e 
Viral proteins for encapsidatio. of LXi^ 

«pii„tio„-ocU::rp:: izT^^n^ir- " 

encapsidatio. dTnoT^ '^""^ 

.eiper virus cr^^a::rorvrr::r\^^^^^^^^ 
Si.. 3,a53-i5, <..«,r«at.jb;, " H T' '-.^ 

MOI. cell 3.2241-2249 ri985, r. 
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05 the necessary viral »rn! r «*P""ion of 

virus (Mo-MuLV) orovl^i « oAoney murine leukemia 

V. Proviral genome containing a 

350-.ase-pair (bp, deletion of the Psi se^ence a 
sequence reauired -for. • ^H"ence, a 

packaging cell line pbw »m additional 

alteration h k ' """^"'^ ^ ^"^^^^^ 

aAceration, has been described »t>a k 

used, cone r n p T ^^^^ 

A-one, R.D. and R.c. Mulligan, Proe Ma*-i * ^ 

SBU^. 81:6349-6353 <1984,. Ho^Sfiff^T^ 
shorn that viru.-„r«j.. ■ nowever. It has been 

ps.-«, p::iucn:::e":e::"/"" '--^"^ 

in Mdltlon, in a minority o£ cases, the ■ 
encapsidation of the Pel" ' 

' generation of «...-l^l JZ Z7T' *° ""^ 

events involvlno . „f T ' "coM,lnational 

the oTT:' rrrr" 

B0.s.X«„n, K.*. etai., CeU. B.oK. - o ' 
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(1987); Sorge, J. et_al. , Mol. Cell. Bim . 4:1730-1737 
(1984), Miller, A.D. et_al. , Somat. Cell MolT Ge»«» 
12:175-183 (1986); Bender, M.A. et al .. J. Virol . . 
61^:1639-1646 (1987). 

There have been nmerous attempts to eliminate these 
problems, for example, by introducing additional 
alterations into the Psi" genome. Miller, A.D. and C. 
Buttimore, Mol. Cell. Bin! 6:2895-2902 (1986). In 
these latter packaging systems the chances of 
transferring the packaging functions or generating 
wild-type virus are significantly reduced; however, the 
ppssibility of the events occurring remains, since the 
additional mutations could still be corrected by 
recombinational events involving a Psi* vector genome. 
Indeed, the presence of helper virus has been reported in 
virus-producing cell lines derived from such a packaging 
cell. Bosselmann, r.a. et al . . Mol. Cell. Bini 
2s 1797-1806 (1987). '' 

In D.S. 4,650,764, Temin and Watanabe describe a 
helper cell to be used to provide retrovirus protein 
required by a replication incompetent recombinant 
retrovirus in order to be able to replicate. They 
describe a host cell and two retrovirus gene sequences- 
one which has a helper portion which codes for a 
retrovirus protein and is capable of expressing that 
protein and a defective portion which generally codes for 
encapsidation and makes the gene sequence replication 
incompetent and a second which has a defective retrovirus 
portion (which normally codes for at least one retroviral 
protein) , a portion encoding a foreign protein and a 
retrovirus cis portion. 
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There have also been reports of attempts to obtain 
stable packaging cell lines in which the retroviral 
functions were carried on different plasmids. Watanabe, 
S. and H.M. Temin, Mol. Cell, b^.i 3:2241-2249 (1983)- 
Bo8sel«ann, R.A. et^, Mol. Cell. 7:1797-1806 ' 

(1987). However, the cell lines described in those 
reports were either unstable or functioned poorly 
Markowitz and co-workers describe construction of an 
ecotropic packaging cell line generated by using helper 
virus DNA in which the asa and £ol genes were on one 
plasmid and the env gene on another, m each of these 
cases, the two complementary constructs were 
co-transfected, which can result in loss of most of the 
advantage of having physically separated the viral genes 
sxnce recombination between transfected plasmids before ' 
they integrate is known to happen at a high frequency. 
Small, J. and G. Scangos, Science . 219:174-176 (1983) 

Although retroviruses have been shown to have 
properties which make them particularly well suited to 
serve as recombinant vectors by which DNA of interest can 
be introduced into eukaryotic cells and, thus, are of 
considerable interest as tools to be used in introducing 
such DNA into humans (e.g., for gene replacement or 
therapy), the fact that packaging functions can be 
transferred to recipient cells and/or wild-type virus can 
be generated could limit their acceptability for use in 
humans, it would be very valuable if recombinant 
retroviral vectors capable of introducing DNA of interest 
into eukaryotic cells but unable to transfer packaging 
functions or revert to wild-type virus were available 
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Plsclo8ui-» -^.P ^K- Tnri m j,,,, 

The present invention relates t« . 
lines useful f^^ ^^-^a^es to packaging cell 

es useful for the generation of helper-free 

nethode of ueina ,. v °° 
>, reco«biaant retroviruses to 

introduce d«» of interest into eukaryotic cells 
perticularly —li- cells, a. rl^oo^i^I^t 

p«.uct .ose - rrr:;: :.r:.i::::: • 

~ °r;.cr"- -Truie--- ^" 

production of a orot.< ""^ "t^'irusos are useful for 
in Vivo. Th« if S »r 

liiture, for subsequent therapeutic «^ 
or to provide a .eans „.ic. .^^Zll^tllr:^'' 

^ ^ "^^^ °^ ^aormal/nonfunctional fn«„o .nv. 
recoiBhinant retroviruses are «arJ T "^^^ 
purpcises Bu«h Particularly useful for 

purposes such as gene therapy or oene 

they have been constructed II such ! ""^ 
not t^nsfer the pac3caging f^I "n or y^^^::"" 

it;t\t\:ror 

.etrovirusestV-L^^^^^^^^^^^ 

and human oene rorM=. '-^anster in large animals 

gene replacement therapies. 

Brief Description of 

Figure 1 is a schematic r presentati«r, * 
Wper Virus reco^inatio^ ":.\X::u~:" 
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ana ia, „n« .nd th. defective reco«binZt/„^.e^^ 
trensducd insert is depicted as en open ^L.T. 
presented. Solid sM opes bo«s et the e^trl^ties 
represent the and the t.r^nal .e^eno," 

Shown at the left is the nature of th. h., ^ 
-odifioation for each case. .l ^T^lt'^TT',^ 

silT" " Polynde^nsLon 

Shaded represented hy .T,, 

Shaded areas indicate ho.ologous r.»i„„. 

throuoh which 1* V "5"ns on the geno.es, 

sn wnicn, if recomhiaation occurs h.in=, »■ 
^. forced, transfer refers to transM^sion'of the pM"" 
'T' to recipient cells. Helper for^tion refers 
the generation of wild.t„e repUcation-oo.petent"ils 

nro,./ , schematic representation of the 

protocol need for isolation of Psi CRIP and Psl «e 
peckaging cell lines. <■ 'ei CSE 

Pisur. 4 Show, the retroviral vector, used 

"gure 5 shows the a.«,hotropic host ranae L, „ 
»D»-transd„cing vectors produced with the PsI cHIP 
packaging line. ^^^^ 

pro j:n:o:e"°^^ ^^"^^^ 

Detailed DPsrr ix,tl»n r.. ... Tm-rnt inn 

The present invention is a new set of « . 
lines useful for th^ „ Packaging cell 

usexui lor the generation of virus with amn>,„^ 
or ecotropic host ranges. Such packaging cellT T" 
l>een constructea in such a manner' that^h^ pl^i'^T 
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encountered with presently-available cell lin«« . 

Of pac.a.in. .unctions an. .creation Lp:: """"^^ 

ToZTZ lti™:% " ^""^-^^ -L.pre.iousl.- 
leu.e„ia virus L^it^^^^^^^ — 

co.pl«n„t«ry mutattons in th. „„ „„, ^'^^ 
w." .eouentiallv / aS2-E2l or anj regions 

deletion of thTpsi ' ' 

c.. a*:: nr-^r j::?- -r^rr • 

Clone, ,^i,^lV""'J''°™ ^ ""'"l i«late 

aa.«io„. viral pro^uo'e^ ZlTlZ ZTT''' ^° 
lines 4o not tranafe,- fx , Packaaing cell 

»elper Virus Z.T functions, or yield 

replacement therapies. Psi crip and Psi CRE Jv! . 
deposited at ^ ^ liiave been 

RoLille 1 T '^^ ^"^^^-^ collection, 

CRL9I07 accession numbers CRL9808 ani 

CRL9807, respectively, under the i-,.^ * 
Treaty. ^ Budapest 

-^r=r::txr,:^^ it::r \" 

retroviral genes which encode the 
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packagin, functions, i„ „hich the cis-acting alterations 
descrU.ed are also present. Mann, K. ,t al CelT ,3 
.53-:s. ,,933,, Mluer. .... sna c. Bu^r ."St: S i 

used. It is .ssentially i.,possible for helper virus to be 

"^TTVrr o.r:\ its 

That is, to eliminate the problems of transfer of 
packaging functions and helper virus fomation 
""""ered With other packaging systems, two mutant 
Moloney «urin. Leuk«aa virus (Mo-Hulv, -derived proviral 
tahomes, which carry co.pl...„tary mutations in Le ^ 
the £ol or the ssv regions, were introduced .eguentiaTf^ 
into »I„ 3T3 cell, by ootransformation. Kach p^ovir!" 
ganom. also included a deletion of the Psi seguenc. 
necessary for th. efficient encap.id.tion of retroviral 
genomes into virus particles and additional alteralio".' 
in the 3- end of the provirus, 

retxo°""r"" introduction of the two complementary 
retroviral constructs expressing the packaging funo^ons 
is an important feature of the method of the preset 
invention and is the basis for (results in, ess^tiai 
elimination of the possibility that reco^ination between 
the two constructs can occur, either as a result of the 
cotransfection procedure or during gene conversion eZlts 
hetween tandemly repeated structures cointegrated at^e 
same Chromosomal locus. The complementary frameshift 
mutations cannot be rescued upon recombination with th. 
replication-defectiv. vector genome and, thus tT 
generation of helper virus in the Psi CRIP and Psi CM; 

events. For gen ration of helper virus to ccur, on. of 
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^ .utatea geno-es would first hav. to regai. . 3. I,^ 
ana a Psi „^en=a. by a double reco^l„atlon with a 
vector genome, i„ order to be able in a .Jl 
of infection, to reco,,a,in. with ttl tl ' 

,«o.. and neid a ^^^.-.i:zzrzi:z:z.TT 

i. po..ible to imagine that a reversion of on. If L 
.utation. could occur, followed by a double " v, 
event. The probability of these outc™^ "°° 
Xow and as described bLw. when a h"gt itl^ritrst . 

^..verae ^J^lJ^::^^:^^- 

transmissible functional heiT,^^ - event, no 

a , notional helper genome was generated m 

least one reconbination event involving the retr^vi-l 

vector and the Pb-t" -retroviral 

.eg.«.t they^rh" .rr; 

position to the .aTlrtra" rt'io? 

The strategy used in the method of the oreeew 
invention is described briefly below, repreaentr 
achematically in Pigur. 3 and descri;ed L" et^U in 
Bxample 2. m the first round of transfeotion one 
construct, designated pCRIP env' (see Figure 2 
cc-transfected with a plaanid, deaigna^ d p^^l' ^oh 
confers resi.tanoe to hygromycin into HIH 317=11^^ 
D»-mediated oo-tranafcmation. stable trL fot^.^' 
vera selected by culturing co-transfeot d cells i^ 
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two ..l.ct.d Clone.. „hlc. ware env" cell. 1 
pc^pL" a"l9n.t.d pc«P«„.,- 

j-"e r:.::: -r"""" - 

cexis, along with a plasmid. defiloT,«+--a 

selectable .arkar. Transformants were selected by 
culturin, co-tx.„s£ect.d cell. 1„ 

Phosphorlbesyltransferase-selective .edium. The 

«sul«„, colonies wer yed for their ability to 

package the BAG retroviral vector. Twc clones 
designated CRIPU and c^2, were selected a. t^e 
-Photroplc and the acotroplc packaging lines 
raspectivaly. This .trategy-mtroluction o"'the 
constructs Into the recipient cell ll„. k , 

^rrreHcT:/' to 

transcriptase they released and then to test fox 
production of a functional envelope m s.col';' 

.tot: it: 11 r: ' — re 

eeuitea in the generation of an env" cell ^ 
.ay prove useful for the generation of"Trral pseul: 
containing retroviral ^ proteins and oTr 
nonretroviral envelope proteins. 
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High-titer viral stocks can be routinely obtained 
-th producer clones isolated fro. Psi CRIP or Psi cL 
For instance, after transfectlon of the packaaila llf' 
witb tbe HSaneo vector, .bich includes ZTZ:lTl 
the Ha2 se.juences as well as the enhancer deletion 
pro u With titers of efu/„l were isolated 

such -^-t can be achieved with Psi-T 

such titers are high enough to ensure infection of t^e 
»inor pool Of pluripotent sten. cells present in I 
narrow. Williams, D A et ai m . Present in bone 
flOfl^A ^ ^ Mature, 310:476-480 

Elai. i-i^ ^''^Z^'- producers has been carried out 

producers wore negative for trans*.,- 

functions .nd, therefore. fr« " hei: , 

after carrying the cells in " iL^e IraT'' 

tl... .or „n. gene transfer appHc!",! T °' 

packaging function transfer and 're"!;:! ' °' 

for«ti,n founa with the Previous"^."!! 

.a. he inconeeguentiai. However. ati ai 

rt"\%\i— ^^^^ 

^. heen achieved h. the nethcd of" e pre ^n, I""' " 
be particularly .aluahie for studiero "xi u:"°"' 

iTtZ" ''^--'^^ ^ tie 

estahli.h„ent of safe and effici nt conditions for 
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vector geno-e. during the process cf r.,.re. 
" transcription. ,s sho™ in Figure l, the Psi" „ 

c.n he encspsideted into virus particles at low 
:ec^l\~ \-"r^^^^^^^^^ "thout an, 

" "-eiK Hann...;aro"rtre^T"^r " 

54,401-407 (1985); Danos, 0. et al Cil,. - ! 
i20, 68-77 (1985) Sur.,l.( f"^' ' '^'""'^ 

wi"-type virus P i'n.ri::; c'^l'/T"""" °' 
■helper for^tion' in Plgu" I is I"""" " 
^0 the retention o. specl.i: vlr s.Zces Tt' 

genoBe can Increase the lik.i.h ^° ""tor 

virus through one recall" i^^^^^^^^^^^ 
.na =. ,Buttl.ore. m.^.U^.:'a.5- ."('l 8^;. 
Miller, A.D. et al . . Somat . Cell M^i n 1 1986); 

25 (1986); BenderTA. ' et al . vr , ^=^75-183 
(19871 -S^-alw Virol.,, 61; 1639-1646 

U987). Although the additional 17 
long terminal repeat (LTR) of P " 

« . ^ ^ genomes, employed In 

ButtLorT ana 
t.ans.er c. the Psi" ..nort^ ^nrZ^'r^r." 
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recoinbinational event. Miller ad .rsA n « 

M91. cell. Mn^, l:2895.29oT;i986i. T""'''' 

Weinke.,, , 38: J^^S^' 

Accordingly, transfer of the vi«i „ 

a..„«c.Uy «a„ce. .fcMpt 30': p'!.""' 
cells, in .a..«o„, ^ ...JJZZ JTII'^J''-"' 
from such cells vr«„i^ . wiaa-type virus 

(Figure 13 "^"^ reco«hinational events 

In spite of the additional mutations in 
genomes used in tho ^. "^^lons in the proviral 

"OBu m me generation of PA317 n^it 
Of Viral ,en.. «.e ,.„er.tion .*"La ^i": 
vlrus-prcducing cells a„i,ed fxo. pa", 'f . ! 
This has been „.e=taa others as "n L"! r""^' 
K-i- et al. . Mol Cell , Sosselnann, 

..thoa o, the pres.:. Invt: LI,*: "."oTr 
Proviral ,eno... deletlcnH/L p""' 

sequences and 3' ltr ar.^ ^ ^ 

»**u. o and encode either ^ 

- the ^ ,ene ,Pi^e n. father ::an :tSSfi 

express the snAn^^^« t_ artempt to 

heter;,lc,cuaCe airrr^ "''"^ «^»« 
structurea warrretaZd ! °"' ''"""^"-^^-e. 

"•re retained to ensure high level. 
expresaion. Accordingly, .ell-character^zll ! 
the asa-sai or sn, ,ene were tran.""reT!l 
conatruct. to generate aia-ficl' el" "I^ "'f . 

conatracts. To generate Pa^gi^f cell lS;^..^ 
ecotropic host ®® 

c nost range, proviral constructs o«r,^- • • 

SSX ,ene fro. the Ho-«„LV gence Je t ' 

cells «th a^hotrcpic hcsl range^e en1'= T. 
..quences from the 4070A virus oIL ^ 

'UA Virus genome were introduced in 
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place of the Mo-MuLV-derived env sequences. 
Chattopadhyay, S.K. et^. , j^^^, ^ 39:777-791 (1981) 

m Plin"'"'" "^"'"^"^ constructs, shown' 

3T3 nirr I: introduced sequentially into NIH 

3T3 cells through two rounds of transfection and 
co-selection with different dominant-acting selectable 
markers (hygroaycin, gpt) . This protocol was chosen to 
optimize the stable expression of each construct and to 
prevent recombination between the complementary plasmid 
DNAs that might occur at the DNA level if they were 
co-transfected together. Small, j. and G. Scangos 
^Sienc^, 219:174-176 (1983). As described herein, 'nih 
3T3 cells were transfected with the two constructs to 
produce packaging cell lines. However, othe^ types of 
mammalian cells, particularly monkey and human cells, can 
be used to produce packaging lines. 

introduction nf PNA of Tnt.re.t Usin. P.s r.r. , 

CRE - 

The packaging cell lines of the present invention 
can be used, both invitro and i n vivo , to introduce DNA 
Of interest, which can be all or a portion of a gene 
encoding a protein or a polypeptide whose expression in a 
eukaryotic cell is desired, into such cells. For 
example, if production of a particular protein or 
polypeptide by eukaryotic cells (e.g., insulin, human 
growth hormone) is desired (e.g., to provide a means by 
which useful quantities of a protein or polypeptide to be 
administered for therapeutic purposes or used in a 
diagnostic context), either of the packaging cell lines 
can be used to introduce DNA encoding the desired product 
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into the cells, using known techniques. For example, 
recombinant virus can be harvested from the producer 
cells and used as a viral stock to infect recipient 
cells, which are then selected on the basis of expression 
of the gene so introduced (e.g., in the case of insulin, 
selection can be carried out using an appropriate 
antibody). Alternatively, the gene of interest can be 
introduced into cells in culture by co-cultivating the 
cells and the producer (packaging) cells. The two types 
of cells are subsequently separated, using known 
techniques, and the infected cells recovered. After 
introduction of the gene in this manner, cells are 
maintained under conditions appropriate for their 
survival and expression of the encoded product, which is 
removed from the cultured cells by known techniques. 

The packaging cell lines of the present invention 
can also be used to introduce DNA of interest into 
ma mm alian cells, such as human cells, which will 
subsequently be applied to the body (e.g., by grafting or 
transplantation) , where they will produce the desired 
protein or polypeptide on an ongoing basis. For example, 
they can be used to modify keratinocytes, endothelial 
cells, fibroblasts or hepatocytes, which will 
subsequently produce the encoded protein or polypeptide 
25 on an ongoing basis. Such modifications can be carried 
out, for example, in keratinocytes by the method 
described in co-pending patent application U.S. Serial 
No. 883,590; in fibroblasts by the method described in 
co-pending patent application, U.S. Serial No. 152,749; 
in endothelial cells by the method described in 



20 



30 
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co-pending U.S. Serial No. 096,074; or in hepatocytes by 
the method described in co-pending patent application 
O.S. serial No. 131,926. The teachings of these four 
co-pending patent applications are incorporated herein by 
"3 reference. 

The present invention will now be illustrated by the 
following examples, which are not intended to be limitina 
in any way. 



10 



15 



20 



25 



EXAMPLE 1 Constructi on of CRIP Plasmids 

In the work described in this and the following 
example, the following methods and materials were used, 
as appropriate: 

Cell L ines and Plasmids Used 

NIH 3T3 cells were obtained from G. Cooper (Dana- 
Parber Cancer Institute) and grown in Dulbecco's modified 
Eagle's medium (DMEM) containing 10% (vol/vol) calf 
serum. Drug-resistance selections in transfected or 
infected NIH 3T3 cells were done in the following concen- 
trations of compounds: G418 (GIBCO) at 1 mg/ml, 
hygromycin (Calibiochem) at 0. 2 mg/al, and histidinol 
(Sigma) at 0.5 mM. 

T lymphoma cells (mouse BW 5147 and human Jurkat) 
were grown in RPMl medium containing 10% fetal calf serum 
and 50 uM beta-mercaptoethanol (complete RPMI). 

Plasmids PA5 and pR21, containing mutated Mo-MuLV 
proviral sequences, were kindly provided by S. Goff 
(Columbia University). Colicelli, J. et al . . MoI. Gen 
Genet^, 199:536-539 (1985). The mutant pA5 carries an 
8-bp Sac II linker inserted at position 623 of th 
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th. »ethc^ a.scrib,a 1„ co.pe„ain, pafnt .ppXic.Ln 

ae present invention will now b, lli„etrat.d by the 
following exa^ie., wblcb are not Intenaed to be llJt"; 

in any way. ^ 

EXAMPLE 1 Construe-hion pf cRiP pi,,^.^, 

in the work described in this and the following 
example, the following methods and materials were used 
as appropriate: 

Cell Lines and Pi asmida n«ori 

NIH 3T3 cells were obtained from G. Cooper (Dana- 
Parber Cancer Institute) and grown in Dulbecco's modified 
Eagle's medium (DMEM) containing 10% (vol/vol) calf 
serum. Drug-resistance selections in transfected or 

tZlZTs oT ~- 

tratlons of oonpounds: G4ie (GtBCO) at 1 mg/ml 

TslZTl " "-^ .»a hle;iainol 

(Sigma) at 0.5 mM. 

T lymphoma cells (mouse BW 5147 and human Jurkat) 
were grown in RPMI medium containing 10% fetal calf serum 
and 50 uM beta-mercaptoethanol (complete RPmi, 

Plasmids PA5 and pR21, containing mutated Mo-MuLV 
proviral sequences, were kindly provided by S. Goff 
(Columbia university). Colicelli, j. et^. , 
SS^. 199:536-539 (1985). The mutant pA5 carries an"" 
8-bp Sac II linker inserted at position 623 of the 
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^ZZ '^^r. tLI — « P" 

1= Ksch^ichia cou cell. „cTol' 
>».olei. 

Maniatis, t. et al m«i« ^""^""^^^d procedures. 

NY), (1982) Hi„h ^<»iJSP3fing Harbor, 

// 1*90^;. High-specific-activitv , . , ' 

culture neaiu. ot Z" """"^ 

according to Sanee to ^® "^oo© 

(1986). ' ^^2i- 1=3133-3142 



au. ^Thi" eop„clpltates 
£tjl. ana cone et al " lescribed by Gor„.n 

cell. Biol ., 7:887-897 (1987). ^ 

For the determination of viral tit«^o 
wer grown to ^"aJ- titers, producers 

g own to subconfluence (5 x 10^ cells on a lo-cm 
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dish) . 



dish) . 10 ml of fresh medium was added anfl 
harvested 16 hr later v ^^"^^ 

^^^^^ stocks were filtered 
through a 0.45 urn membrane and 2 ml of a diluL 
applied to 5 X 10^ niH 3T3 dilution was 

°5 hr. The infected cTl J ' ^'^^ 2.5 

iniected cells were grown for 48 hr a*- ^-k. 

The number of resl«i-«n* , i-lO in selective medium, 
two wal \r <^olonUs Obtained, divided by 

uxie ixb cells were S5ni4*- ^j. 
.;.o ana ancea to .noje^ " 

t.... the culture ....u. „a. changed „" 

::rr:\rrr:/:::re rtr- °' 
o. ,.te.e. ..tur::z tTr :r 
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■Structure of tha rPTT. t.,-^^^^ 

^xMr>^^ ^epiacmg most of the 3' lto ^« ^-u 

fioiTins.^ J-i^K/ and mouse 

con! • PZipNeoSVX (ej-, that 

contained a Sal i linker at the original Pvu 1^3^. 
(position 7934) and a Hpa I-Ecopt * ^ ^ 

.eno„e (positions 2S.e- s , a 17"!"" 
Hpa I extremity The nCRTP " , ^'^^'^ 
15 represent.^ • PCRIPenv plasmid, which is 

sZ lZTt r exchanging the 

Sfi I-Nsz 1 fragment (positions 5382-7054) with th! 

equivalent segment from the env" mutant 

Colicelli, J. et al Mo, n ^ 

fl9651 ^ Mol. Gen. Genpt , 199:537-539 

^0 '2 : r^'" ---"-^^^-^ also rep^ITented H 

iii:^:e ; to sTr:."°:."' ^ ^^^^ 

to sal I (position 3705) of the 
'r.9..nt ot the 4070* .„photropic M»:„„x,v^LfS l'^ 

25 Tha pCMPg.,-; p^aamlT^' ^^'"-"1 (1981) . 

9«g ^ plasmla, reprasaataa in Flour. 3 

containad th. .am. Pat I-Sal I fragment ZZ J.'. 

mtroaucea in the pCaP bl^^bcn.. ^r.co!r»^' 

9ene ™a kept and a aaccna mutation r:!'" 

"Uing .„ the .xtr„iti.s with the Kienow £rag„.nt ;f 5^ 
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££il DNA polymerase r =,r,A 

co..n, """"" - 

' °--r - |-n M„u 

..=™ ^itrTl '""^ construction 

i^igur© 2 was the pMOV Psi nw* 

51., ceil, 33:153-159 (1983) t 

majority oflhe 3' ltV '""^ construction, a 

site (see Example 1 fL tv. ^ Poly^denylylation 

constructions) The nc«r^' """'^ boundaries of the 

by exchangin; a fr^ent ^ 
y "9 a rragment spanning the 5' half ^v. 

,e„e „.t. tne .»„Xo,ous ..a,.e„t frc„ a„ I",!! " 
generates mutant of Mo-MuLV o„-^ • • ia-Sitro- 
^.sertea in tanae. UoZIZTT T 

surrounding the start of region 

an 8-bp Sac li linker . ""^a^t pA5, which contains 

o linker at position 623 after i-h« 

and most of the env gene were replaced ' le co' 
ponding fragment from the cloned 40 70A Ihot T"" 
genome. Chattopadhyay, s K et . *»Pbotropic virus 

(1981). The third J ! 39:777-791 
•ine third construction. pCRIPoao~2 • 

saae .a.ic structure as the PC^.Z,.lTlllTZl\T 
ecotropic env sequences wer. / '"^ 

mutation at the L I siH / ""^ °" =Mltional 

.ntroaucea <.e. b1 i " ",L°:"a« 
-..h.. to further preJt th~\" 
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recombiaational events that could lead t« i-k 

of helper virus. ^® emergence 

Pairs of complementary constructs fnCRrp^ " 

sequentially introduced into nih 3T3 c Ji T 
0..-«ediated co -transformation eLl m ,t . 

PSVHn, vhich confers r..i.^ Plasmid 
transcrlptas. activity 1„ th. „ 

«>a parent.! BI„ 3T3 Ln! ""i"*- 

PSI-AK oeu. in^" '''''^ ^"-^ -na 

J-"irteen clones wei*ia -Frt»,,.ja 

these positive n^r^r.^^ / -1 . Two of 

positive clones Cenv and eta''-^) „e_„ 

suieequently „,ea= env"! ms Inlt,.,, . 
the a.photrcplc Psl CRIP if """" 

b.lc», ana env-" „.s lat'tl.^ea t '"'""^^ 
Clone for the ecotroplc P.l CP. l^ "^l 
5-£ola higher level of Mo-MuLV specliic t " 
gel hlot analysis ,aata not shir ''"""^'^ 

pc.ip!C-r:e^r;::-c."ir"' "'^^ - 

into the env- cell« ^^f ^^^^^"^ introduced 

w^.eh eontalnsrjttlrTanSL:^^^^^^^ 
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Phosphorlbosyltransferase gene as a do™-, 
retroviral vector ,Pi,„re 3, Price ^ ^ ° ""^ 

s^^^^im^^-m^. 11:. <'J„7rrT:,^ 

me a«i„i,, te eT^ e :,".:t 

helper-free stock of Bar , infected by a 

" -o..e ..p.otr:;ic"L":r: r:r:/ir 

populations of 50-100 rAia . ^^onea) , and 
-rivea .ro„ eac." ^Ic^'o^r Xtt" T 

Within . loo"old population., varied 

t.e pac^^inraee";. o ZlluZ "l" 

the highest paCagin, capacity wh.:" ' " " 

show, to he 3 5-foia H. r P^'^k'Sing activity was 

5s ■>.5-fola higher ana eguivalenf 

2= Clone CRE25 „a. chosen as the eco^ respectively. 

end it was observed to b. T P^^ging line 

■ than Psi-2 cells " = 

" ' 1 r Si 
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not an accurate estimation of their n«.* 
Ctain «ore ^antitative aata Totl Le liT"" 
be generated with the Psi crxp . TJ^ " ''^^^^^ 

two cell linese were staL? ' the 
^ HSGneo (see Figure 3, IL T ''' -°t- 
following feat!::^: i' " J^"^''^^ ^^^^^ the 

donor and a portion of th! "^"""^^ 

-own to signifioantr; itrrSfe^^^t? 

driven by an intei-T,»i ^^er, 2; the neo gene is 

these culto^e. produceTl f""""*"' 
lines, ^s usea to LrTdll llll V ''"^'"^ 
"Us. Titer. Of the , ""=t«nee to hih 313 

parallel had . titer of , , T " 

a^hotroplo host ran^e of'^ , et,'"^^ .^^ 

was Shown by the ability of viruses 

a Wide ran^e of Lli'V rr^U","""-^^^ 
"t, rabbit, .„a .onjcey origin 

Ito doTOnstrat. the amphotroplc host , 
■-«..rat.d fro. Psi chip o.u., Psi 0«p 0^^' °' 
reoombinant viruses designed to tra„!J P'^od-cing 
human Adenosine Deaminase .ao^? TtZ"" 

constructs. vi^r^^rn;ri;rird.":! ^ 

carrying th. aba odHA under It " 
promoters (human histone „" ol °' 

-.-re «r transf ot'ed"!:: pTc^P^^re'l'i:';," 

ceils along with 
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pSV2neo. Southern, P.j. and P 

Genet., 1:327-341 (1982). clones resista^T^T^ ,ere 



Berg, J. Mol. 



Appl, 



P«ked, individually grown and tested for transfer o^^! 
hunan ADA cDNA sequences Cell ll„.« 7 , ^""^^^ °^ 
and m \ including NIH 3T3 

and, in the case of the TSGADA producers, T cell 
ly»pho„as Of murine (BW5147) or hu^an (Jurkat) origin 
were infected and after two days, genomic DNA was 
prepared. Samples of DNA were digested with Kpn 1, which 
cuts once in the reco^inant proviruses LTR and th 
digestxon products were analyzed on a Southern blot 
us.ng the hu»a„ cDNA as a probe. The result of such an 
analysis xs shown in Figure 5. The transfer of the 
exogenous ADA sequences by the HSGADA or the TSGADA 
recombinant viruses was demonstrated bv -t-h. 

infectM by co-cultivation with the P.l CRIP producer, 
.iuce the e.o,e„ous 3.5 M= h.M ^ro. th. ADA provi". le 

Ch,r„te.,..t,nn of the P„...„,„, , 

l^g^^^a^^Hmi^ e.per-v,.„ P.^..,— 

A »obili«tion ..say was used to determine the 

cLp^Wr"" """^"^"^ ^-'rated from Psi 

CHIP- or Psi CPE-d.ri,ed cells li„„ helper-free 
The mobilisation .ss.y is one in which the c'u liL ue 
containing a single copy of the MSVhisD recombinant 
provirus, is challenged by a supernatant from 
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it harbors. Infection J^! «=o«biaant virus 

Psi-2-d«l„a producer cells lea J 

»^ hi. cfv.1. Since th..e ^,1-, .^/:°:'°^ " ' " 
cell line, re^^^d «.,.tiv. i" . ..^ ,t ^"'"*"' 
replicaticn-c,.pet.« ,ir„3, ^. ZZ'Z.o. . 
likely detecting transfer of the ""^ 
supernatants fro. .si CRIP, Ps.'cL plaTLli"""'^ 
a=a c. ButtiBore, Mol cell / (""ler, A.D. 

.na .11 producer oi;;irSh:i^; f: - 

the MSVhisD provirus <d.t. not "^'^ '° 

cells »ere split and th. . ""^^ harvest, 

times. Each coU^eT f ""^ 

this -hiii^att^ ::si;::;a r""^*"* ^-^^ 

uAon assay and used to Infeet mt« on,-, 
described above Nor,i» ^nrect nih 3T3 as 

infected Sla 3,3 „!„: Population of 

copies Of Lt"L tea :e:o°r ' ' « 
southern hlot aLl^sis ITp" " "^"^-^ 

the .iral titer orZ:rr^::ZZ\:i\Z.TT 
»« detected. . .ariet. of other virus -p^Z iT r 
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virus -produciaj cell To ' rare 

vector'^: trrL:,"""" 

aesignea. A retroviral vector . ' «=^«i»ent „.s 
"fences ana t.e -u^ IZ llZTu^^ " 
' sene unaer the control of the H4 "ceptor 
3. wae .huttlea ..veral tl." hetw..T:i 'r*""' 
'"tropic pao^gin, Una. .nd th. a' .. "° 
vlru. „a, .onltorea In each InfecteTc' °' 
using the his .ohlliz.tion assay 1°"'°'''''"^"' 
' amphotroplc viral stocks of = two 
either a Psi CaP or a 
ana negative in th. his assay were 1"! "T""' 
o' .aoh stock w«:e t^ used tnLect , 
""3. A supernatant „a. t . * " 

infection, and P.i c«p "r »3 n " 
»e cycle was rep.at:d"' rlH^r 

stocks produced m each series '^"1 
™1P/Psi CKE or P«n/ Psi cLMre°t:"t?°"°"" 
ability to mobilise the MSVhisD 211, " 
two separate «,p.ri„nt., all stock; !" ^" 
C. series were h.ati~'- ^ 
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15 



when PA317 was employed 

line, txansfe. o/LTp.l.lT'"'^^'^ 

round Of infection. The a«.r,h ^ . (experiment 2) 

«oMli.ed f.om the 11^311?:!^:: "'"^^ ^^^^ 
PA317/Psi CRE serie. wai f "^^^'^^ the 

Virus efficienti; i^rrte'^Tr^^^ ^'^^^^^ 
ceils, .at ai. not infect PsTck:;^^^^^^^^ 
Of the amphotropic proviral In! 1 '^''^ structure 

Characterized but ffr^"^ ^ot been 

sea, aut it appears that the 
from experiment 1 may be defective ! '^covered 
spread, whereas the viru« "'''^ 
is replication coZtenT '^^^^^^^-^ experiment 2 

TABLE 1 Titers of culture supernatant . 

i-cted b. serial aTL": ^^"^ 



20 



25 



Viral Stock 

Shuttle Mr^ 



1 (ampho) 

2 (eco) 
(ampho) 
(eco) 
(ampho) 
(eco) 

ampho 1 



■Titer 
PsiCRIP/Pg-fnpp 
Exp 



0 
0 
0 

0 

0 

0 

0 



cfu/ml 

PA317^Ps^rT>p 
1 Ext 




ampho, Amphotropic; eco, ecotropi"; 



0 
0 
0 
0 
0 

325 
475 



0 
0 
0 
0 
0 

5 X 10^ 

-5 X 10^ 
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Those Skilled in the art will • 
to ascertain, using no „ore than ^"iT:"' 7 ^''^ 
many equivalents to the '"''"^^"^ experimentation, 

•■juivalents ate intend.a t ^ "win. suol. 
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CLAIMS 



2. 

20 



a. 



A packaging cell line capable of producing 

— - —Pic b::: .nge, 

a mammalian cell* 

~ 

-DCPTPia,,,, praviral genome 

comt)irifi-i«rT 4-u« A'-^-wvirax genome 

4070A viru. g.no„e, pre«nt .t th. elte .t 

Snv .e^enc. are ncr^Uy present 

* P«l«Sing cell l^e of Clai. i „hereln th. 
retroviral nucleotide se^ence ia a^r °* 
=f Holone. Murine ^ZZl ^r! J^ear"" 
P-iral ,.no„e p=.„,.,. „ repreaenteTlTpi^e 

3. » packaging cell line capable of producina 

a mammalian cell; 

. «r.t retroviral nucleotifl. .e,u nc. i„ th 



a. 
b. 
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cell which is all or a portion of the Moloney 
Murine Leukemia virus-derived genome pCRIPenv-, 
as represented in Figure 2, or its functional 
equivalent; and 

a second retroviral nucleotide secjuence in the 
cell which is all or a portion of the Moloney 
Murine Leukemia virus -derived proviral genome 
pCRIPgag-2, as represented in Figure 2, or its 
functional equivalent. 



4. A packaging cell line capable of producing 

recombinant retroviruses having amphotropic host 
range, comprising: 

a. an NIH 3T3 cell; 

b. all or a portion of the Moloney Murine Leukemia 
^5 virus-derived proviral genome pCRIPenv-, as 

represented in Figure 2; and 

c. all or a portion of the Moloney Murine Leukemia 
virus-derived proviral genome pCRIPAMgag-, as 
represented in Figure 2. 

20 5. A method of making a packaging cell line capable of 
producing recombinant retroviruses with amphotropic 
host range, comprising the steps of: 
a. co-transf ecting mammalian host cells with: 
1. a first plasmid comprising a mutant 
2^ Moloney Murine Leukemia virus -derived 

proviral genome in which there is a 
frameshift mutation in the env region of 
the genome; a deletion of the Psi sequence 
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Of the geno«e; and a deletion of the 3' 
LTR sequence of the genome and 
2- a second plasmid containing a gene whi.n 

cells Which ar, resistant to the t^T , 
antibiotic; selected 

co-transfectlng cells selected In step (h) 

1. a third pias„ld comprising a mutant 
Moloney Murine Leukemia virus-derived 
provlral genome in which there is a 
frameshift mutation in the env region of 
the genome which is compleml^^ary to the 
frameshift mutation present in tie fi^t 
plasmid; a deletion of the P«J 

- sequence of 

the genome; and a deletion of the 3' LTR 
sequence of the genome and 
2. a fourth plasmid containing « 

confers resistance to a seeond'"r 
antibiotic; ""^^ selected 

culturing cells co-transf ected m sten , , 
under conditions appropriate for seie't i 
cells Which are resistant to the secoL 
selected antibiotic; and ^ 
selecting cells which are resistant to the 
second selected antibiotic. 
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6. A method of Claim 5 wherein the mammalian cells are 
NIH 3T3 cells; the first plasmid is pCRIPenv- as 
represented in Figure 2; the second plasmid contains 
a gene which confers resistance to hygromycin; the 

05 third plasmid is pCRIPAMgag- as represented in 

Figure 2; and the fourth plasmid contains the 
bacterial xanthine -guanine phosphoribosyltransf erase 
gene . 

7. A method of making a packaging cell line capable of 
10 producing recombinant retroviruses with ecotropic 

host range, comprising the steps of: 

a. co-transf ecting mammalian host cells with: 

1. a first plasmid comprising a mutant 
Moloney Murine Leukemia virus-derived 

15 proviral genome in which there is a 

deletion of the Psi sequence of the genome 
and a deletion of the 3' LTR sequence of 
the genome and 

2, a second plasmid containing a gene which 
20 confers resistance to a first selected 

antibiotic; 

b. culturing cells co-transf ected in step (a) 
under conditions appropriate for selection of 
cells which are resistant to the first selected 

25 antibiotic; 

c. CO -trans fee ting cells selected in step (b) 
with: 

1. a third plasmid comprising a mutant 

Moloney Murine Leukemia virus -derived 
30 proviral genome in which there is a 
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deletion Of the Psi sec^uence of the genome 
and a deletion of the 3' lte of the genome 

2. a fourth plasmid containing a gene which 
confers resistance to a second selected 
antibiotic; 

d. culturing cells co-transfected in step (c) 
under conditions appropriate for selection of 
cells Which are resistant to the second 
selected antibiotic; and 

e. selecting cells which are resistant to the 
second selected antibiotic. 

»IH 313 cell,; the first plasmia is pCRlPe„- „ 
represented 1„ Pi^e 2, the second plasnid contains 

I l ^ T "^"^'''-^ " represented in Pi^ 
2. ^ the fourth plnsnid contains the bacterial 

lanthine-phosphoribosyltransferase gM,e. 
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NIH 3T3 




pCRIPenv" 
+ 

pSV2Hm 



Select Hygromycin 
resistant colonies 



Assay for reverse 
transcriptase production 



3T3env" 




pCRIPAMgag-or pCRIPgag-2 

pSV2gpt 

Select gpt positive 
colonies 

Assoy for packaging 

I 



YCRIP 
YCRE 




SUBSTmjTE SHEET 
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SI5 



NIH3T3 BW5147 Jurkatt 




F1G.5 




hADA acfivify ++ + + + ++ - 
hismob. assay — — — — — — 



FIG.6 



IPCS 



C 12 N 



DecuiMnUtlen Stirchtd elhtr Uiin Minimum DecuiMoUUon 
IB tht falint lh«t lueh DocunwMi mt, lnclv«fd In Iht FMdt Stwchtd » 



ClUllBn 01 0.c.B..nt. wW. IndlcUon. >h.„ .ppf.pri,u. el ,.|.>.n, p.,,.,,, „ 



P.X 



Journal of Cellular Biochemistry, Supplement 12B,19B8, 
Alan R. Lisa.Inc: "Expression of retroviral trans 
acting functions from compiementary crippled ge- 
nomes: a system for helper free packaging of re- 
troviral vectors.", 
see abstract H 106 p 172 



J.gen Virol Vol. 70, 1989, Josef Ban et 

f\l oZ* Leukaemia Virus Packaging Cell Line 
for Retrovirus-mediated Gene Transfer 
see page 1987 - page 1993 * 



;S J;Jhf'';^r^-i.y?^' ^988, Olivier Danos 
«p?a5^S^''** Mulligan: "Safe and efficient 
generation of recombinant retroviruses with 
amphotropic and ecotropic host ranges. 
see page 6460 - page 6464 



I Rtl«nni to CItIm Ht. <* 



1-8 



1-8 
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• SpteitI ultporlM el ctt»d deevmtnu: m 
° SifrjSn':""'"' «... «».l*ltl.„ er 



InttrMiloruJ StarchJno Auihofity 

EUROPEAN PATENT OFFICE 

Form PCT/ISA/210 ft*eend •hi.t) IJwuwy IMS) 



iLSPfl^ eonflltt w>U» tl» •ppBeatlon but 

5*? 2L^t eontld«r«d lo Invetvt u Innntiv* ittp wh«n lh« 
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